
Can the grey literature help us understand the
decline and extinction of the Near Threatened
Eurasian otter Lutra lutra in Latium, central Italy?
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Abstract To trace the local extinction of the Eurasian otter
Lutra lutra in Latium, central Italy, and examine the causes
of the species’ disappearance, we reviewed and classified
information from both the scientific and grey literature ac-
cording to the reliability and geographical accuracy of the
records. The temporal and spatial patterns of 160 records
from 23 geographical subunits from 1832 to 2006 suggest that
the species collapsed between 1960 and 1975; two different
extinction patterns were revealed by a set of multivariate
analyses. In northern Latium the species collapsed because of
several independent local threats. In central and southern
Latium the species collapsed because of catastrophic habitat
alteration (land reclamation during the 1930s) that negatively
affected the source population. After this event the species
went extinct in hilly and mountainous areas, where several
population sinks occurred. We presume that this latter
process drove the remnant otter subpopulations to extinction
in central Italy, emphasizing the role of an extinction vortex
in causing the collapse of this metapopulation rather than the
classical threats recognized for this species. The value of the
grey literature for a posteriori historical analysis of local
extinction dynamics is highlighted by this research.
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Introduction

The term grey literature defines any source of written
material (such as a report) that is not published

commercially or is not generally accessible (Debachere,
1995). In conservation biology, ecology and zoology this
term generally identifies technical manuscripts that have
not been peer reviewed, including reports from govern-
mental and non-governmental agencies and local publica-
tions. In general, peer-reviewed research journals do not
accept grey literature sources as valid background infor-
mation. However, there are some cases in which most, if
not all, the information on a sensitive problem (for in-
stance, the progressive extinction of threatened species) is
available only in the grey literature. It has been demon-
strated in the medical sciences that the exclusion of this
literature from meta-analyses can lead to biased results
(McAuley et al., 2009). Here, therefore, we use a combina-
tion of peer-reviewed and carefully selected grey literature
to analyse the extinction of the Eurasian otter Lutra lutra in
central Italy.

The Eurasian otter is categorized as Near Threatened on
the IUCN Red List (Ruiz-Olmo et al., 2008), listed in
Appendix II of the Berne Convention, on Annexe II of EU
Directive 92/43, and has been protected since 1977 in Italy
(Prigioni, 2003). Otter populations have declined severely
over the last 50 years in Central Europe (Hájková et al., 2007),
including Italy, but viable populations have survived in
Portugal, Greece and south-east Europe (MacDonald &
Mason, 1983, 1994; Conroy & Chanin, 2002). Although some
populations are still declining (see Prigioni et al., 2005, for
a review), otters are recovering in several parts of western
Europe, including Italy, probably as a consequence of legal
protection and the banning of pesticides in the 1980s.

Several factors, either independent or interrelated, may
be driving the decline of otters in some areas, including
human persecution, habitat fragmentation and alteration
(e.g. pollution, reduction in food supply, availability of suit-
able water bodies, and road traffic casualties; Mason, 1995;
Reuther, 1995; Ruiz-Olmo et al., 2002; for Italy: Fumagalli &
Prigioni, 1993; Bulgarini et al., 1998; Reggiani & Loy, 2006).

The remnant otter populations in Italy are confined to
the south (Loy & Racana, 1986; Loy et al., 2002; Marcelli
et al., 2007). Isolated subpopulations were recorded in
central Italy until the 1990s (Boitani et al., 2003; Prigioni
et al., 2005, 2006, 2007; Giovacchini & Stefanini, 2008;
Marcelli & Fusillo, 2009). In Latium in central Italy the
otter declined during the second half of the 20th century
and is now considered locally extinct (Boitani, 2008). The
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extinction of otters in this region is documented by a large
body of mainly grey literature. We reviewed all the available
information in both the primary and grey literature on the
occurrence of the Eurasian otter in Latium and used this to
trace the progressive disappearance of the species and
develop a model of its local extinction.

Study area

The study area includes the c. 17,000 km2 political territory
of Latium, with c. 5,100,000 people and a mean density of
297 inhabitants per km2 (Regione Lazio, 2000, 2004), and
some adjacent areas of southern Tuscany and southern
Umbria. We included these adjacent territories because
some of the rivers of Latium lie along their borders. The
study area extends from the Apennines to the Tyrrhenian
Sea and is characterized by a high level of habitat diversity,
with mountains (26%), hills (54%), and alluvial lowlands
(20%).

Methods

We collected and critically reviewed all the available data,
both published and unpublished, on the presence and
conservation status of otters in Latium from 1832. Records
were obtained from: (1) historical literature (textbooks and
articles in scientific periodicals published from 1816 to the
1950s); (2) modern scientific literature (textbooks and
articles published in peer-reviewed journals since 1960);
(3) grey literature (i.e. not peer-reviewed literature, mostly
published since 1970, including technical reports and
popular articles); (4) unpublished museum data; (5) an
official mammal database (Provincia di Roma mammals
database: Amori et al., 2009); (6) a selection of personal
communications from experienced local zoologists and
naturalists.

Bibliographic data may differ in reliability and accuracy
in regard to both correct identification of species in the field
and preciseness of the geographic coordinates of a record.
Records were therefore classified according to (1) level of
reliability (high, H1, if from a reliable source or low, L1, if
from a potentially unreliable source), and (2) level of
geographical accuracy (high, H2, if the site is detailed and
unambiguous, or low, L2, if the site is vague and refers to
a large area, such as a river basin or mountain range or part
thereof).

Records were grouped into 23 subunits by local river
basins and streams. To make the general discussion easier
to follow we grouped some subunits into mountain or hill
systems. The records from each subunit were ordered
chronologically (Appendix). Where available in the original
source we also included pertinent annotations for each
record. For example, we included annotations of the
conservation status of the local population at the time

(such as extinct, almost extinct, abundant, presence not
confirmed), the type of evidence for the species’ presence
(direct observations, sighting of tracks), and whether
evidence of the presence of the species was obtained from
interviews (Cagnolaro et al., 1975; Pavan & Mazzoldi, 1983).
Using only the highly reliable records (H1) similarities in
temporal disappearance of the otter among geographical
subunits were clustered using multivariate factor analysis,
with Ward’s method and Euclidean distances as similarity
measures. We used STATISTICA v. 6.0 (Statsoft, Inc.,
Tulsa, USA) for statistical analyses.

Results

In total we located 160 records (H1 5 82, H2 5 47, L1 5 5,
L2 5 26) for the 23 subunits (Appendix) from 46 sources: 38

original bibliographic sources (including grey literature and
technical papers) and eight unpublished personal commu-
nications. The earliest record came from the second decade
of the 19th century (Giustiniani, 1816), and the latest from
2003 (Dream Italia et al., 2004). About 26% of the 160

records came from the coastal and sub-coastal subunits (i.e.
Tarquinia, Agro Romano and Pontina plain), probably
reflecting a higher sampling effort in these subunits.
Records of otters progressively increased during 1956–
1975, decreased from 1976–1980 to the present, and no
subunits were occupied in 2006–2010 (Fig. 1). This pattern
is, however, biased because of the limited records available
prior to the 1970s.

A factor analysis clustering the subunits in terms of the
temporal disappearance of otters resulted in three clusters
(Fig. 2). We did not examine cluster III further because it
contained few records. The approximate geographical
locations of the three clusters in Latium is shown in
Fig. 3. Based on the percentage of subunits occupied by
otters by year it appeared that the decline of the otter began
in 1960 and became catastrophic by 1975 (Fig. 4). The earliest
extinction occurred in the Lepini mountains, in southern
Latium. Further extinctions occurred, more or less contem-
poraneously, in other mountain areas in southern Latium
(Simbruini, Ausoni-Aurunci, Ernici, River Melfa and Pre-
nestini). Further extinctions then occurred in both northern
(Volsini-Bolsena, Cimini Vicani, Mount Rufeno, River
Paglia, River Tiber, Lake Bracciamo) and southern Latium,
including mountains (Sabini, Farfa and Reatini) and lowland
areas (Agro Romano, Pontina plain and Circeo).

Discussion

Our review shows that the Eurasian otter was widespread
across Latium during the early years of the 19th century
(Fig. 1). Considering the presumed low field effort by
biologists at that time it is likely that the species is un-
derrepresented in terms of number of recorded occurrences
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and was probably then a common species. Since vast lowland
areas of Latium were a floodplain (Pennacchi, 2003), and
presumably suitable for otters, it is likely that these extended
marshlands were a source population for the species (Fig. 3).

From 1900 to the end of the 1950s information on the
species was extremely scarce (Fig. 1), again most likely a result
of the scarcity of field research. There was an increase in
records from the 1960s to the 1980s, probably because of an
increase in both research effort and the amount of grey
literature available. Based only on the highly reliable records
the otter began to disappear between 1960 and 1975 in at least
two geographical areas; i.e. in northern Latium and the River
Tiber plain and its main tributaries. Clusters I and II were
probably separate subpopulations.

Cluster I, the subpopulation of northern Latium, was
probably separated from conspecifics by the River Tiber
and its tributaries because there is a gap in riverine
connections between the river basins in northern Latium
and the River Tiber (Boni et al., 1988; Ventriglia, 1990).
Hence, the otter subpopulation of northern Latium was
probably not connected with the supposed source popula-
tion in the lowland wetlands of central and southern
Latium. This northern Latium subpopulation was probably
subjected to a plethora of local threats (e.g. site-specific
habitat alteration, human persecution). Extinctions were
therefore localized and the few remnant populations linked
to the better preserved areas survived until recently (e.g. in
the River Mignone). These small remnant populations were
the last to go extinct in Latium.

The otters of cluster II, the subpopulation in the River
Tiber basin and southern Latium, were once widespread
and probably locally abundant throughout the lowlands of
Latium. These lowland wet areas were destroyed, however,
during the 1930s by Benito Mussolini’s land reclamation
programme, which started in 1924 (Bonifica Pontina;
Pennacchi, 2003). It is likely that this land reclamation

FIG. 2 Dendrogram from multivariate factor analysis of the 160
records of the Eurasian otter, showing the similarities among the
23 subunits (numbered at top) of Latium with respect to the
timing of the disappearance of the otter, and the three geo-
graphical clusters (I, II, III). 1, Flora and Paglia rivers; 2, Flora,
Tafone and Arrone river basins; 3, Saline di Tarquinia; 4, Vulsini
mountains, Lake Bolsena and River Marta basin; 5, Cimini and
Vicani mountains; 6, Monte Rufeno and River Paglia; 7, River
Paglia; 8, River Tiber in Viterbo province; 9, Treia and River
Tiber; 10, Mignone River basin, Tolfa mountains and northern
coastal areas; 11, Lake Bracciano; 12, Rome, Agro Romano and
littoral areas (including Castelporziano); 13, Simbruini Moun-
tains and the high valley of River Aniene; 14, Lucretili moun-
tains and low Sabina region; 15, Pontina plain, Circeo, and
southern Latium coastal regions; 16, Ausoni-Aurunci moun-
tains; 17, Ernici mountains; 18, River Melfa; 19, Lepini moun-
tains; 20, Prenestini mountains, River Sacco, and Fiumicino and
Aniene rivers; 21, Sabini mountains and River Farfa; 22, Reatini
mountains; 23, River Tiber (Rome province).

FIG. 1 Temporal distribution of the 160 records of the Eurasian otter Lutra lutra obtained from both the grey and scientific literature, for
all subunits combined.

Decline of the Eurasian otter 283

ª 2011 Fauna & Flora International, Oryx, 45(2), 281–287

https://doi.org/10.1017/S0030605310001055 Published online by Cambridge University Press

https://doi.org/10.1017/S0030605310001055


programme fragmented the otter source population, with
the ultimate fragments occurring only in a few secondary
river basins; i.e. some tributaries of the River Tiber and the
River Aniene, and the mountainous and hilly streams of
Lepini, Prenestini, Lucretili, Simbruini and Ernici. Follow-
ing fragmentation and isolation these subpopulations pre-
sumably became demographic sinks, with low density and
a negative ratio between birth and death (Hanski, 1994,
1998). The exchange of individuals between the source
population and the sink subpopulations decreased and
eventually halted within a few decades, apparently without
specific threats affecting them. This rapid extinction also

occurred because otter density is usually low, with individ-
uals requiring large areas (c. 15–50 km2, with 1 individual
every 18–39 km along streams and rivers; Green et al., 1984).
It is possible that a stochastic extinction vortex (Gilpin &
Soulé, 1986; PACLO, 2006) was established within the sink
subpopulations as a consequence of the rapid collapse of
the source population. In the second half of the 20th
century local extinctions were possibly induced more by
stochastic factors (demographic, environmental and ge-
netic) than by deterministic local anthropogenic threats
(direct persecution, pollution, habitat destruction and
transformation; Boitani et al., 2003). A source–sink sce-
nario has been suggested as a cause of the local extinction of
the Eurasian otter in Northern Europe, where formerly
closed populations have been reduced in number and split
into isolated, inviable subpopulations (Reuther, 1995).

Threats identified as a cause of local extinction of otter
populations in many areas of Europe (IUCN, 2002) were
probably irrelevant in Latium. For example, in northern
Latium (Tolfa, Cimini, Vulsini and Vicani) freshwater
habitat quality is high (Mancini & Arcà, 2000) and rivers
(e.g. Mignone, Marta) and lakes (e.g. Bolsena, Vico) have
rich fish assemblages (Tancioni & Cataudella, 2009). These
areas have a low level of direct or indirect human

FIG. 3 The study area, showing the three geographical clusters from the multivariate factor analysis (Fig. 2). The presumed source area is
part of clusters I and II. The rectangle on the inset indicates the location of the main map in central Italy.

FIG. 4 Temporal decline of the European otter in Latium in
terms of percentage of occupied subunits in the study area.
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disturbance (Contoli et al., 1980; Olmi & Zapparoli, 1992).
However, these rivers are relatively short (e.g. River
Mignone: 62 km; River Marta: 50 km), and consequently
a single river would have potentially hosted only a few
individual otters (c. 1–10).

The Eurasian otter in Latium apparently went extinct
within 2–3 decades. The temporal discrepancy between the
catastrophic Bonifica Pontina of 1930s and the apparent
decline of the otter from 1960 onwards was probably due to
a lag effect (Tilman et al., 1994). The lifespan of a Eurasian
otter is 15–17 years (Acharjyo & Mishra, 1983; Chanin, 1985;
Kruuk, 2006), which is consistent with such a time lag.

The grey literature proved to be a valuable source of
information for analyses of the local extinction of the
Eurasian otter in Latium. A large number of bibliographical
sources exist from which information can be obtained (e.g.
hunting diaries), especially for large charismatic or game
species. With such sources it is possible to reconstruct the
decline or extinction of a species, at least in European
contexts where these types of data are available and span
a number of decades.
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Soulé), pp. 19–34. Sinauer Associates Inc., Sunderland, USA.

G I O V A C C H I N I , P. & S T E F A N I N I , P. (2008) La protezione della natura
in Toscana. Siti di Importanza Regionale e fauna Vertebrata nella
provincia di Grosseto. Quaderno delle Aree Protette, 3, Grosseto,
Italy.

G I P P O L I T I , S. & A M O R I , G. (2006) Historical data on non-volant
mammals in Rome: what do they say about urban environment?
Aldrovandia, 2, 69–72.

G I U S T I N I A N I , L. (1816) Dizionario geografico ragionato del Regno di
Napoli. I fiumi, i laghi, fonti, golfi, monti, promontori, vulcani,
boschi del Regno di Napoli. Vol. XI, XII, XIII, Napoli (reprint,
Forni Ed., Bologna, 1971). Società Reale, Naples, Italy.
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